1. Background {#sec137852}
=============

Trauma is a leading cause of morbidity and mortality among individuals under 40 and is the third main reason for death throughout the world ([@A20349R1], [@A20349R2]). The term multiple trauma is defined as trauma of multiple sites or multiple parts of the body resulting in two or more significant injuries ([@A20349R1]). Multiple trauma usually occurs thorough falling from a height, a car accident, motorcycle accident or other motor vehicle accidents ([@A20349R2]). Recently, numerous scoring systems have been developed to assess the severity of injury and determine patient outcome. The trauma and injury severity score (TRISS) and the injury severity score (ISS) have been widely used for estimating mortality and morbidity of patients with multiple trauma ([@A20349R3], [@A20349R4]). The abbreviated injury scale (AIS) is a scoring system for computing ISS ([@A20349R5]). The ISS summarize the condition of patients with multiple injuries. The injury severity score considers six parts of body including head, neck, face, chest, abdomen and external areas ([@A20349R6]). In the AIS system, each injured part of the body ranges from 1 to 6 in order to estimate the severity of trauma, in which, 1 point is allocated to a minor injury and 6 points allocated to a major and fatal injury. Other injuries are between 1 and 6 based in severity. The injury severity score is calculated by summation of squares of AIS values of the three most severely injured parts of the body. Therefore, the ISS is rated from 1 to 75 points. A fatal injury, even in a single part of the body, is equivalent to 75 in ISS. Although, ISS is widely used for trauma evaluation, it has some limitations, such as it exclusively considers the highest severe injury in a single part of the body and does not measure other milder injuries in the same body region ([@A20349R3], [@A20349R7]); thus, the new injury severity score (NISS) has been developed to overcome the limitations of ISS ([@A20349R8]); it considers severe injuries in different body areas irrespective of affected body region ([@A20349R7]). Many studies have been conducted to compare ISS and NISS ([@A20349R7], [@A20349R8]). The injury severity score was initially introduced to estimate the mortality of patients with trauma; however, other applications for ISS have been demonstrated in several studies ([@A20349R9]). For example, it is estimated that, ISS can foretell the time it takes the patients to regain their health after injury ([@A20349R10]). Also, evaluating hospital equipment and suitable care can be determined ([@A20349R9]). Scoring systems such as ISS and NISS are the cornerstones of trauma epidemiology. Accurate assessment to manage the injury is vitally important in both clinical and research settings ([@A20349R11]).

2. Objectives {#sec137853}
=============

This study was designed, for the first time, to compare our modified injury scoring systems with ISS and NISS from the point of predictive value to estimate the duration of hospitalization in trauma patients.

3. Patients and Methods {#sec137854}
=======================

This analytical cross-sectional study was performed at the Shahid Mohammadi University Hospital of Hormozgan province in southern Iran. All of the patients referred to the emergency departments (ED) of Bandar-Abbas university hospitals with multiple trauma either, car or motorbike accident between March 2009 and March 2010 were assessed in this study; 511 patients were selected using simple sampling.

A questionnaire (or checklist) was designed to collect demographic data (age, gender) information regarding patients' vital signs (pulse rate, respiratory rate and blood pressure), Glasgow coma scale (GCS), arrival time in ED and details about the trauma mechanism and type of injury (penetrating or blunt). The checklists were completed by an emergency specialist and a general physician. Any medical intervention or surgical procedures, morbidity or mortality during hospitalization period were recorded.

The revised trauma score, NISS and ISS were calculated for each patient using Abbreviated Injury Scale update 98 (AIS 98). Patients who had major underlying disease, those who died before arrival or those who were transferred to another medical center during the course of hospitalization were excluded.

This study was approved by the ethics committee of Hormozgan University of Medical Sciences (no. 8820). The SPSS software (Statistical Package for the Social Sciences, version 18.0, IBM company) was used to analyze data. The normality of the distribution of variables was checked by the Kolmogrov--Smirnov test. The Spearman correlation coefficient test was applied to determine the relationships and the linear regression models for the relationship between length of hospitalization and ISS or NISS. To compare the scores between patient groups, the one-way analysis of variances (ANOVA) was used. The student t-test was used to evaluate each parameter between females and males. P-values less than 0.05 were considered statistically significant.

4. Results {#sec137855}
==========

Five hundred eleven patients (446 males (87.3%) and 65 (12.7%) females) with a mean age of 22 ± 4.2 for males and 29.15 ± 3.8 for females were assessed.

Out of 511 patients who were followed in this study, 125 (24.5%) were admitted to the intensive care unit (ICU), 25 (4.9%) were under observation in the ED, 322 patients (63%) were admitted to other wards and 39 (7.6%) were discharged within the first hours after arrival (early discharge).

Most of the patients were scored above 13 on GCS ([Table 1](#tbl35491){ref-type="table"}). [Table 1](#tbl35491){ref-type="table"} shows baseline vital features of the patients on arrival according to the RTS criteria.

###### Baseline Vital Features of the Patients According to the Revised Trauma Score Criteria^[a](#fn37722){ref-type="table-fn"}^

  Variables                     Values
  ----------------------------- ------------
  **Respiratory Rate**          
  6 - 14                        5 (1)
  15 - 29                       209 (40.9)
  ≥ 30                          297 (58.1)
  **Systolic blood pressure**   
  50 - 74 mmHg                  5 (1)
  75 - 89 mmHg                  24 (4.7)
  ≥ 90 mmHg                     482 (94.3)
  **GCS**                       
  3                             9 (1.8)
  4 - 5                         38 (7.4)
  5 - 8                         31 (6.1)
  9 - 12                        60 (11.7)
  ≥ 13                          373 (73)

Abbreviation: GCS, Glasgow coma scale.

^a^Values are presented as No.(%).

Three hundred ninety-five patients (77.3%) admitted to ED underwent a surgical procedure, 248 (48.5%) orthopedic surgery, 85 (16.6%) spinal or cranial neurosurgical procedure, 21 (4.1%) general surgery and 13 (5.12%) ear nose throat (ENT) surgery were performed and 28 (5.5%) patients underwent more than a single type of operation during hospitalization.

Hospital stay ranged between 1 and 36 days (mean 6.9 ± 1.5). The mean ISS was 10.78 ± 5.5 (ranged 3 to 29) and the mean NISS was 26.74 ± 15 (4 - 81).

The mean ISS among improved patients was 9.82 ± 4.2, among patients with brain damage was 19.14 ± 4.8 and among expired patients was 23.79 ± 4.2 (P \< 0.001).

The NISS score was 24.14 ± 10.8 among improved patients, 46.43 ± 17.7 among patients with brain damage and 62.3 ± 16.8 among expired patients (P \< 0.001).

The mean score of ISS among patients admitted to ICU was higher than other patients. While, mean score of NISS in early discharged patients was higher than others. [Table 2](#tbl35492){ref-type="table"} shows the comparison between the mean scores of ISS and NISS among the patient groups according to admission status.

###### Mean Scores of ISS and NISS in Patients According to the Admission Status^[a](#fn37724){ref-type="table-fn"}^

  Admission Status                                       ISS                                               NISS
  ------------------------------------------------------ ------------------------------------------------- -------------------------------------------------
  **Early discharged**                                   4.09 ± 1.4                                        10.27 ± 2.7
  **Under observation**                                  6.6 ± 5.1                                         15.16 ± 15
  **Admitted to special wards**                          9.7 ± 3.7                                         24.88 ± 9.6
  **ICU admission**                                      14.06 ± 6.1                                       32.9 ± 18.1
  **P value** ^**[b](#fn37725){ref-type="table-fn"}**^   P \< 0.001 ^[c](#fn37726){ref-type="table-fn"}^   P \< 0.001 ^[c](#fn37726){ref-type="table-fn"}^

Abbreviations: ICU, intensive care unit; ISS, injury severity score; NISS, new injury severity score.

^a^data are presented as mean ± SD.

^b^Significance level less than 0.05.

^c^Significant at less than 0.001.

Mean hospital stay was 9.8 days among ICU admitted patients, 2.8 days among patients under observation and 6.9 days among patients admitted to other wards (P \< 0.001).

Duration of hospitalization was 3 ± 2.6 days among patients without surgery, 4.6 ± 3.6 days among patients with general surgery, 7.23 ± 3.8 days among patients with orthopedic surgery and 10.09 ± 7.56 days among patients with neurosurgical surgery. This period in patients who underwent multiple surgeries was 13.71 ± 8.77 days (P \< 0.001).

Patients, who were admitted with lower GCS, had higher ISS and NISS scores. Also, the length of hospitalization was higher among patients with lower GCS. [Table 3](#tbl35493){ref-type="table"} shows the correlation between GCS and ISS, NISS and the length of hospitalization.

###### Correlation Between Glasgow Coma Scale and Injury Severity Score, New Injury Severity Score and Duration of Hospitalization^[a](#fn37728){ref-type="table-fn"}^

  Scoring Systems   GCS           P Value ^[b](#fn37729){ref-type="table-fn"}^   R                                                                                        
  ----------------- ------------- ---------------------------------------------- ------------- ------------- ------------- ---------------------------------------------- -------
  **ISS**           23.6 ± 6.1    15.8 ± 6.1                                     15.7 ± 5      11.4 ± 4.9    9.4 ± 4.6     \< .001 ^[c](#fn37730){ref-type="table-fn"}^   -0.48
  **NISS**          65.1 ± 17.2   37.1 ± 17.9                                    41.1 ± 16.5   25.8 ± 11.2   23.7 ± 12.4   \< .001 ^[c](#fn37730){ref-type="table-fn"}^   -0.43
  **DH, day**       11.2 ± 14.2   11.3 ± 9.3                                     9.4 ± 8.5     7.2 ± 4.2     6.1 ± 4.2     \< .001 ^[c](#fn37730){ref-type="table-fn"}^   -0.29

Abbreviations: DoH, duration of hospitalization. ISS, injury severity score. NISS, new injury severity score.

^a^Data are presented as men ± SD.

^b^Significance level less than 0.05.

^c^Significant at less than 0.001.

Hospital stay in female patients (8.02 ± 6.7 days) was more than males (6.94 ± 5.3). However, this difference was not statistically significant (P = 0.2, 95%CI: -2.3, 0.58).

The mean score of ISS among male participants was 10.85 ± 5.5 and among females was 11.13 ± 5.86 (P = 0.9, 95% CI: -1.5, 1.37). Also, the mean score of NISS among males (26.73 ± 14.7) was lower than females (28.77 ± 16.8) (P = 0.4, 95% CI: -5.4, 2.3).The trauma scores were not significantly different between male and female patients.

The length of hospitalization had a significant correlation with the RTS criteria such as respiratory rate (P \<0.001), blood pressure (P \< 0.034) and GCS (P \< 0.001).

There was a poor correlation between duration of hospitalization and NISS score (r = 0.36 and R2 = 0.13%). That means NISS score could predict 13% of hospitalization period changes.

Using the linear regression model analysis, duration of hospitalization was calculated by the following equation:
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[Figure 1](#fig26084){ref-type="fig"} shows the direct linear correlation between NISS score and duration of hospital stay.

![Correlation Between New Injury Severity Score and Duration of Hospitalization](traumamon-21-01-20349-i001){#fig26084}

The results showed that, duration of hospitalization had a relatively strong correlation with ISS score (r = 0.78), and approximately 0.62% of hospitalization period could be explained by ISS score (R square = 0.619).

Below is the linear equation according to regression analysis:
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In [Figure 2](#fig26085){ref-type="fig"}, the correlation of ISS scores and duration of hospitalization are displayed.

![Correlation Between Injury Severity Score and Duration of Hospitalization](traumamon-21-01-20349-i002){#fig26085}

The results showed a moderate correlation between the length of hospitalization and RTS score (r = 0.56, R2: 0.31).

The length of hospitalization according to RTS score are demonstrated in the formula below:
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In this study we examined a new scoring system, in which, ISS score was divided by RTS score (ISS/RTS). Also, the NISS score was divided by RTS (NISS/RTS), and we called these systems modified ISS (MISS) and modified NISS (MNISS), respectively.

The modified NISS had a relatively strong correlation with the length of hospitalization (r = 0.79).

The formula below explains the length of hospitalization according to MNISS score.

Duration of hospitalization = 0.415 + (2.991) modified NISS. Duration of hospitalization had a strong correlation with MISS (r = 0.805, R2: 0.65).
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5. Discussion {#sec137856}
=============

This study was performed to assess the correlation between duration of hospital stay and injury severity scoring systems including ISS, NISS, MISS and MNISS in trauma patients. The results showed that, most of the patients with multiple trauma were male. This finding was consistent with the studies conducted by George et al. ([@A20349R12]), Dongel et al. ([@A20349R13]) and Brongel ([@A20349R14]). Some studies have examined the length of hospitalization in trauma patients and indicated that prehospital interventions such as endotracheal intubation and other procedures performed by EMS teams at the trauma field can be associated with other complications such as pneumonia and higher mortality rates ([@A20349R15], [@A20349R16]). For example, in a prospective review of 191 patients, Bochicchio and colleagues ([@A20349R17]) compared outcomes between the field intubated patients and hospital intubated patients. The authors concluded that the frequency of ICU admission and hospital stay duration are more in pre-hospital intubated patients ([@A20349R17]). Also, in another study, prehospital intubation performed by EMS, increased the risk of pneumonia more than four times ([@A20349R16]). Our results showed that hospitalization length in patients transported to ED by EMS was higher than those who transported by personal vehicle. This may be due to ventilation associated pneumonia or other complications, which are induced by paramedics in the trauma field.

According to our study, ISS is a better scoring system as a predictor of hospitalization length compared to NISS, and ISS should not be replaced with NISS. Also, MISS and MNISS are better predictors of hospitalization length compared with ISS and NISS. Our results showed that MISS was the best predictor among the scoring systems. In a prospective review of 891 trauma patients in Beirut, Hala Tamim and colleagues compared the predictive power of ISS and NISS for mortality, ICU admission and the length of hospital stay for 2 years. The authors concluded that, ISS is a better predictor for ICU admission and hospitalization length than NISS, but that was not a good predictor of patient survival ([@A20349R18]).

Another study, which is inconsistent with our study, conducted in Canada compared the NISS and ISS among 23,909 patients. The authors concluded that, the length of hospital stay and ICU admission could be better predicted by NISS than ISS ([@A20349R19]). Many studies have been conducted to compare the ISS and NISS value to predict the length of hospital stay of patients ([@A20349R18]-[@A20349R20]). The results of these studies are conflicting. Some studies have shown that, the predicting power of ISS and NISS are generally equivalent in in patients with minor injury. While, some others demonstrated that, the NISS is a better predictor than ISS in patients with moderate to severe injury ([@A20349R19]).

The MISS is not only an anatomical scoring system, but also is a system that takes physiologic status, and vital features of patients into account. On the other hand, many limitations have been reported for ISS and NISS. The injury severity score considers only a single injury for each region and may underestimate the severity of damages, while NISS is possible to overestimate each region's injury ([@A20349R20]). Accordingly, as indicated in our study, MISS and MNISS seem to be more appropriate for predicting the duration of hospital stay in patients with multiple trauma. This study did not consider the effect of some confounding factors such as patients' age and its' role has been confirmed in other studies and may affect study results ([@A20349R19], [@A20349R21]).

In this study we recommended a modified scoring system (MISS and MNISS) in order to predict the length of hospitalization in multiple trauma patients. This new suggested scale showed a better value to predict patients' length of hospital stay compared to ISS and NISS. However, future studies with larger sample sizes and consideration of more confounding factors are needed to examine these scoring systems and confirm the results of our study.
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